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EVALUATION OF ALTERNATE MATERIALS AND METHODS 
 
FOR THE COLLECTION OF IDENTIFYING CHARACTERISTICS 
 
OF FOOTWEAR IMPRESSIONS 
 
IVAN ALEXANDROVICH AKIMOV 
 
ABSTRACT 
 
Footwear impression evidence is often recovered at a crime scene and is either in 
the form of a two dimensional and/or a three-dimensional impression. Two-dimensional 
impressions occur when a shoe coated with a substance such as dust, blood, or ink, leaves 
behind a silhouette of the sole on a surface. Three-dimensional impressions contain depth 
information of the sole patterns that include three-dimensional characteristics that are 
transferred into a substrate such as dirt, mud, or sand. From these impressions, a sufficient 
number of identifying characteristics can be identified and used to individualize an 
impression to a particular footwear on the premise that it is a practical impossibility to have 
two shoes with the same set of randomly acquired features. This requires the capture of 
unknown impressions with both photography and casting; however, there are a variety of 
three-dimensional capture methods that can be employed. By evaluating different materials 
and techniques on the basis of their permanency, elasticity, and statistical ability to acquire 
defined identifying characteristics, a more significant comparison of successful methods 
can be made based on the likelihood ratios of the average occurrence of individualizing 
characteristics. This provides a powerful description of resolution of one particular method 
and can rationalize the difference between methods through statistical analysis. This 
research addresses a conservative statistical model of random occurrence of individual 
 vi 
characteristics in a defined area (sole of footwear) by using binomial coefficients to 
evaluate possible performance discrepancies between field collection techniques and 
laboratory analysis of alternate materials and methods (alginate, moulage, silicone, 
thixotropic plastic, polyurethane foam, polymer gypsum mix) in terms of their ability to 
capture identifying characteristics from impressions made by a reference footwear, and 
allows a comparison to contemporary forensic methods utilized in the field and laboratory 
analysis. 
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1. INTRODUCTION 
1.1 Background 
Footwear impression evidence is often recovered at a crime scene and is either in 
the form of a two dimensional and/or a three-dimensional impression. Two-dimensional 
impressions occur when a shoe coated with a substance such as dust, blood, or ink, leaves 
behind a silhouette of the sole on a surface. Though two-dimensional impressions lack 
depression information from the sole, a sufficient amount of identifying characteristics may 
be observed to show that a particular shoe is or is not the source of the impression. Three-
dimensional impressions contain depth information of the sole patterns that include three 
dimensional identifying characteristics. These impressions can occur when a shoe comes 
in contact with a pliable matrix such as dirt, mud, sand, or snow [1].  
Footwear impressions are traditionally first processed using photography with 
oblique lighting [2] in order to non-destructively preserve the impression. Based on the 
substrate upon which the impression is made, the examiner may choose from a wide variety 
of methods for collection of impression evidence [3]. Electrostatic dust lifting and 
gelatin/adhesive lifting can be used for two-dimensional impressions whereas three-
dimensional characteristics can be captured through a process called casting [4]. This 
process involves using the matrix in which an impression is made as a negative mold for a 
liquid material to be poured in and hardened over a short period of time. The hardened cast 
may then be used for comparison to a photograph, another cast, or a physical shoe. 
Because of the nature of the casting process, the fragile matrix containing the 
impression comes in direct contact with the casting material. There is a myriad of 
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environmental conditions that can impact the success of a casting material to acquire 
enough detail from the impression in order to individualize the footwear to the imprint: 
moisture content of impression, artifacts in the imprint, adverse weather conditions, 
improper collection techniques and non-validated consumer casting products. Furthermore, 
the success of each casting method may depend on whether the impression is made in dirt, 
mud, snow, or sand [1]. Therefore, the substrate from which the cast is made, and the mold 
matrix, become resolution limiters for the level of detail it is able to be successfully acquire.  
Detail resolution is largely limited on the particle size, moisture content, and 
pliability of substrate matrix, and depends on the casting material’s ability to fill in the 
imprint without disturbing the impression or embedding the substrate matrix into itself. 
After collection is complete, the unknown impression is compared to a known shoe 
standard. The shoe standard is photographed, inked for two-dimensional capture, and/or 
pressed into MikroTrackTM or BIO-FOAM to create a negative for casting [5].   
The goal of footwear impression examination is to characterize details about the 
shoe and determine the source of the unknown impression [6]. Because there is a wide 
variety of sole designs and sizes, the examiner is first responsible for identifying class 
characteristics. Class characteristics are repeated features such as size, tread, design, and 
brand that result from the manufacturing process. These characteristics are shared between 
hundreds or thousands of the same shoes and are suitable for identifying the brand and 
model of the unknown impression [7]. As the sole gradually wears, an accumulation of 
identifying characteristics can be observed by the examiner. These identifying 
characteristics can include cuts, scratches, nicks, and wear patterns which are random in 
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nature. When observed, a sufficient number of these identifying characteristics can be used 
to individualize an impression to particular footwear on the premise that it is a practical 
impossibility to have two shoes with the same set of randomly acquired features. 
 
1.2 Previous Research 
Previous research studies involving footwear analysis have concluded that the 
analysis of pattern evidence is considered to be somewhat subjective, and there has been a 
constant struggle to express and quantify results. The Mount Bierstadt Study [8] confirmed 
that randomly formed damage is acquired over time through the use of the shoe by the 
wearer even when subject to the same terrain over short distances.  A study by Du Pasquiera 
[9] compared polymer and elastomer casting materials for the capture of these randomly 
formed characteristics in different environmental conditions. While it is a thorough study 
of the materials for a variety of impression evidence (not strictly footwear), the study 
lacked discussion about performance of the casting materials in terms of resolution. 
Furthermore, the study included a small range of casting materials that could be used 
specifically for forensic footwear impression evidence.  
Yu [10] provided a detailed study and clearly defined grading system for evaluation 
of casting materials’ ability to resolve detailed impressions found on a reference coin, 
however, the study addressed only direct casting with materials that aren't suitable for 
forensic footwear impressions. Yu’s study provides valuable information regarding the 
resolution performance of elastomers for capturing surface detail of the footwear itself, 
however, even with a more defined grading system, the statistical likelihood ratios of 
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occurrence for individualizing characteristics were not addressed. This theoretical 
probability was discussed in Stone’s research [11], which provided a conservative 
statistical model of random occurrence of individual characteristics in the same place on a 
defined area (sole of footwear) by using a binomial coefficient. This process takes account 
of the number of combinations of unique characteristics out of all of the elements present 
[11]. Stone demonstrated that he could modulate the probability by controlling different 
categories of variables and showed that as the number of unique characteristics increases, 
so does the improbability that a similar shoe will have the same defects in the same places. 
However, Stone’s model did not control the order of characteristics found, nor did it 
account for the assumption that an area that a defined characteristic occupies will not be 
available for the calculation of the probabilities of subsequent categories (different groups 
of discrete features such as lines, areas, points). 
Overall, prior research suggests not only that there is a performance discrepancy 
between field collection and laboratory collection techniques, but there are limitations 
when comparing methods and materials for collecting tool marks versus footwear 
impressions. Therefore, it is imperative that the collection techniques in both a laboratory 
setting and field setting are evaluated with a wider range of evidence collection materials 
and methods. The present study focuses on the evaluation of alternate materials/methods 
(alginate, moulage, silicone, thixotropic plastic, polyurethane foam, polymer gypsum mix) 
in terms of their ability to capture identifying characteristics from impressions made by a 
shoe standard and comparison to contemporary methods utilized in the field and laboratory 
analysis.  
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2. MATERIALS AND METHODS 
2.1 Preparation of Identifying Characteristics and Direct Casting 
One new right Air Jordan shoe (Figure 1) was selected and 13 identifying 
characteristics were permanently deposited on to the sole of the shoe, clustered around the 
ball area directly below the toe of the shoe (Figure 2). Five cuts were made using a scalpel 
and measured 1 millimeter (mm) wide, five subsequent cuts measured 0.5 mm wide, and 
two additional light hairline scratches. One asphalt pebble was inserted between the tread 
design and attached with superglue to ensure it stayed in place throughout the study.  
 
Figure 1.  Shoe Standard. Right Air Jordan  
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Figure 2.  Identifying Characteristics on Shoe Standard.  A 2400 mm2 area of the outsole containing 1mm 
cuts labeled in blue, 0.5mm cuts labeled in red, light scratches labeled in green, and pebble labeled in pink. 
 
Initially the sole of the shoe standard was recorded using EZIDTM Stain free 
Footwear Impression System (SIRCHIE, Youngsville, NC), an invisible ink shoe print 
system. While wearing the shoe standard, using full bodyweight, the sole was applied to a 
chemically treated pad. Directly after that, the wearer applied full bodyweight vertically 
down onto the developing paper. The developing paper recorded the impressions and was 
photographed under ambient light. 
While wearing the shoe standard, reference impressions were made in BIO-
FOAM Impression Foam Standard Compression Kit (Smithers Bio-Medical Systems, 
Kent, OH) and MikroTrack (Carlsson Innovation, Sweden). Impressions were made by 
applying full bodyweight to the shoe while vertically stepping on the substrates. Between 
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each impression the tread was inspected and any residual substrate was brushed off. The 
negative impressions in BIO-FOAM  and MikroTrack were photographed under 
oblique light. 
Figure 3. BIO-FOAM Impression (Left), MikroTrackTM Impression (Right).  
The footwear standard was then cast using 1.5 pounds of Traxtone® (EVI-PAQ, 
Jacksonville, Florida) and 150 milliliters (mL) of water. The Traxtone® and water were 
briefly mixed and allowed to thicken for approximately 18 minutes in order for the mixture 
to reach a workable, thick consistency. The shoe was then pressed into the Traxtone® and 
was left in place until fully dry. After drying, the shoe was gently removed, brushed clean, 
and the Traxtone® negative cast was photographed under oblique light. 
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Figure 4. Traxtone® Negative Cast Using Direct Casting Method. 
A low viscosity, fast curing silicone, MoldStar 16 (Smooth-on, Inc. Macungie, 
Pennsylvania), was then applied to the shoe standard. The silicone was prepared according 
to manufacturer's instructions, [12] with the two components first mixed separately at a 
ratio of 1 part A : 1 part B by volume. After separation agitation, parts A and B were 
combined into a single container and thoroughly mixed together. The working time of 
MoldStar 16 is reported to be 6 minutes. In this time frame, the silicone was applied 
directly to the sole region containing the identifying characteristics and allowed to solidify 
at room temperature for an hour. After solidification, excess silicone was trimmed and the 
negative cast was gently peeled from the sole. The sole was then brushed clean and the 
silicone negative cast was photographed under oblique light. 
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Figure 5. MoldStar 16 Negative Cast.  
The shoe standard was then cast with Shell Shock FAST (Smooth-on, Inc. 
Macungie, Pennsylvania), a thixotropic plastic, following manufacturer's instructions [13]. 
Parts A and B were measured out and mixed separately at a ratio of 1 part A : 4 parts B by 
volume. After separation agitation, parts A and B were combined into a single container 
and thoroughly mixed together. After parts A and B made initial contact, the working time 
of Shell Shock FAST was approximately 3 minutes. In this time frame, the thixotropic 
plastic was applied directly to the sole region containing the identifying characteristics and 
allowed to solidify in a fume hood for an hour. After solidification, the negative cast was 
removed from the sole. The sole was then brushed clean. 
The shoe sole was then cast with duoMatrix® NEO (Smooth-on, Inc. Macungie, 
Pennsylvania) a polymer modified gypsum system. Per manufacturer’s instructions [14], 
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part B liquid latex was dispensed into a mixing container then agitated. Then part A powder 
(twice the volume of Part B) was added and mixed thoroughly. After Part A and B made 
initial contact, the working time of duoMatrix® NEO was 12 minutes. In this time frame, 
the polymer modified gypsum was applied directly to the sole region containing the 
identifying characteristics and allowed to solidify in a fume hood for an hour. After 
solidification, the negative cast (Figure 6) was gently removed from the sole. The sole was 
then brushed clean and the polymer modified gypsum negative cast was photographed 
under oblique light. 
 
Figure 6. duoMatrix® NEO 16 Negative Cast.  
The shoe sole was then cast with FlexFoam-iT! 17 (Smooth-on, Inc. Macungie, 
Pennsylvania), a flexible polyurethane foam. Per manufacturer’s instructions [15] part A 
was dispensed into a mixing container and agitated. Then part B (half the volume of part 
A) was dispensed into a separate mixing container and agitated. After individual mixing, 
part A was mixed thoroughly with part B. After parts A and B make initial contact, the 
working time of FlexFoam-iT! 17 is reported to be 1 minute. In this time frame, the 
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flexible polyurethane foam was applied directly to the sole region containing the 
identifying characteristics and allowed to solidify in a fume hood for an hour. After 
solidification, the negative foam cast (Figure 7) was lifted from the sole. The sole was then 
brushed clean and the flexible polyurethane foam negative cast was photographed under 
oblique light. 
 
 
Figure 7. FlexFoam-iT! 17 Negative Cast. Ink transfer from reference footwear indicating locations of 
the 13 identifying marks. 
 
FiberGel E F/X Grade Alginate (ArtMolds, Summit, New Jersey), a refined form 
of seaweed combined with a duo-fiber matrix, was then applied to the shoe standard. The 
manufacturer’s instructions [16] called for 16 ounces of water to be mixed with 4.75-5.0 
ounces of FiberGel by weight. To achieve optimum working condition, the amount water 
was adjusted to 90 mL and 0.6 ounces of alginate in order to allow a working time of 5-6 
minutes (warm water shortened the working time and did not allow for thorough hand 
mixing). After mixture began to exhibit thickening (approximately 1-2 minutes into the 
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mixing), the alginate was directly applied to the sole region containing the identifying 
characteristics and was allowed to solidify in a fume hood for 10 minutes. After 
solidification, the alginate cast (Figure 8) was gently removed from the sole. The sole was 
then brushed clean and the alginate negative cast was photographed under oblique light. 
 
Figure 8. FiberGel E F/X Grade Alginate Negative Cast.  
The shoe standard was then cast with moulage (Douglas and Sturgess, Richmond, 
California), a gelatinous, alginate, clay, water, and fiber compound. The manufacturer’s 
instructions [18] called for an amount of moulage to be placed in a glass beaker and heated 
using the double boiler method until melted. This was accomplished by heating an amount 
of water in a beaker on a hot plate and placing the beaker containing the moulage inside. 
As the moulage was heated, it was mixed; and when a creamy, smooth consistency was 
reached, the moulage was applied directly to the sole region containing the identifying 
characteristics and allowed to solidify in a fume hood for 10-20 minutes. After 
solidification, the negative moulage cast (Figure 9) was gently removed from the sole. The 
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sole was then brushed clean and the moulage negative cast was photographed under oblique 
light. 
 
 
Figure 9. Moulage Negative Cast.  
2.2 Casting impressions 
An amount of soil native to Boston, Massachusetts was gathered,  sifted through a 
2 x 2 mm sieve and allowed to dry overnight in a fume hood. Dry soil was re-hydrated at 
a ratio of 1 pound, 10 ounces of soil to 100 mL of water in order to achieve a semi-dry 
consistency capable of retaining a footwear impression and was labeled as dry soil. Wet 
soil was created by doubling the amount of water content in order to create a mud-like 
consistency.  Both wet and dry soil were layered approximately 1 inch in depth onto a 
baking sheet and the footwear standard was used to create impressions. Each impression 
was created by first brushing the reference footwear clean, wearing the reference footwear, 
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and then applying full body weight perpendicularly onto the soil. The impressions were 
labeled and photographed under oblique light. Following the manufacturer's instructions 
for each of the casting materials and the recommendations from the SWGTREAD for the 
Collection of Footwear and Tire Impressions in the Field [4] [5], the impressions made 
from the reference footwear were cast in Traxtone®, duoMatrix® NEO, FiberGel E F/X 
Grade Alginate, FlexFoam-iT!TM 17, Shell Shock FAST, MoldStar TM 16, and moulage. 
The positive casts of the impressions created from the footwear standard were made both 
in dry soil and wet soil. For casting materials that underperformed using wet soil, 
impressions were replicated and allowed to dry overnight in a fume hood before being re-
cast.  
Following a snow fall in which at least 1 inch of snow accumulated on the ground, 
impressions from the reference footwear were created in a similar fashion [19]. These 
impressions were photographed under oblique light and cast using, Traxtone®, 
duoMatrix® NEO, FiberGel E F/X Grade Alginate, FlexFoam-iT! 17, Shell Shock 
FAST, MoldStar 16 and Snow Stone. The preparation of duoMatrix® NEO, FiberGel 
E F/X Grade Alginate, FlexFoam-iT!TM 17, Shell Shock FAST, MoldStar TM 16 followed 
previously discussed instructions. However, when casting snow impressions in Traxtone®, 
the amount of water was partially replaced with snow and a light dusting of Traxtone® was 
first applied to the impression.  
 Snow Stone is a fast setting casting material that produces an endothermic 
reaction in order to cast, as well as preserve fragile snow impressions. The manufacturer's 
instructions called for the dry Snow Stone powder to be sifted over the snow impression 
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to form a base layer. Then Snow Stone and water are hand mixed at a ratio of 1:1 for 50-
60 seconds and applied to the impression. The cast solidified over 8-10 minutes, was lifted, 
then photographed under oblique light. 
Every cast was examined for the presence of predetermined identifying 
characteristics and the data recorded. The area measurement of each identifying 
characteristic in the reference footwear was performed in Adobe Photoshop CS 6. 
 
2.3 Negative Mold Castings 
 Six replicate impressions were created in BIO-FOAM and cast in alginate, 
Traxtone®, moulage, MoldStar 16, FlexFoam-iT! 17, Shell Shock, and duoMatrix® 
NEO. This process was repeated with the negative mold created from the direct application 
of MoldStar 16 and MikroTrackTM. 
 
Table 1.  Negative Mold Casting Chart. Left Colum represents negative impressions followed by the 
casting material that was applied in order to create a positive cast of the reference footwear. 
 
Negative 
Impression 
Casting 
Materials 
     
BIO-FOAM  alginate Traxtone® MoldStar 
16 
FlexFoam-
iT! 17 
Shell 
Shock 
duoMatrix®  
NEO 
MikroTrackTM  alginate Traxtone® MoldStar 
16 
FlexFoam-
iT! 17 
Shell 
Shock 
duoMatrix® 
NEO 
MoldStar 16  alginate Traxtone® N/A FlexFoam-
iT! 17 
Shell 
Shock 
duoMatrix®  
NEO 
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3. RESULTS  
3.1 Direct Application 
 Direct application of casting material to the footwear creates an impression that can 
be used either for comparison to the unknown impression and/or making a duplicate of the 
shoe sole in a different material. The evaluation of this process considered the presence of 
all the 13 identifying characteristics and parameters such as the presence of acid etching, 
voids due to bubbles in the casting material, fragility or cracking, and the permanency of 
the cast (Figure 10). 
 
 
 
Figure 10.  Evaluation of Direct Application of Materials in Relation to Characteristics. Total possible 
characteristics and traits labeled as Ideal Cast : 1 instance of acid etching, 1 instance of the pebble 
characteristic, 2 instances of the scratch characteristic, 5 instances of the 1 mm characteristic, 5 instances of 
the 0.5 characteristic, 0 instances of cracking, 0 instances of voids, and 1 instance of being permanent.  
 
MikroTrackTM was able to capture the 13 identifying marks made on the shoe 
standard, however, BIO-FOAM did not produce any indication of the pebble being 
present. Furthermore, MikroTrackTM was able to capture the fine acid etching from the sole 
Characteristics Present 
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of the shoe, which is also an indicator of a much finer resolution quality than BIO-
FOAM. Both of these materials lack permanency, exhibiting detail distortion at the 
slightest contact. BIO-FOAM exhibited fracturing of some details and cracking if too 
much force was applied when lifting the shoe from the substrate. MikroTrackTM exhibited 
cracking when any minor horizontal or lateral force was applied and when the substrate 
was retained by gaps in the sole. 
Direct application of Traxtone® yielded a cast that retained 12 of the unique 
characteristics (missing the embedded pebble) and produced resolution fine enough to 
distinguish the acid etching. However, even though Traxtone® is permanent, it was 
observed to be fragile, with a tendency to break at fine detail points of the cast. Removing 
the shoe from the cast caused fractures and cracking that hindered the evaluation process. 
Voids were observed, suggesting that when the shoe is pressed into Traxtone® it captures 
air bubbles as opposed to when it is poured into a mold. 
The duoMatrix® NEO cast retained all of the 13 unique characteristics and 
produced resolution fine enough to distinguish acid etching. Even though the material 
exhibited cracking, duoMatrix® NEO was less prone to fracture than Traxtone®, allowing 
a thinner and lighter product. Voids were observed in the cast; however, they were not in 
the proximity of the 13 identifying characteristics and did not inhibit analysis.  
Expandable foam (FlexFoam-iT! 17) did not capture acid etching of the shoe, it 
picked up all the 13 identifying characteristics and produced a cast that is light, flexible, 
and permanent. The foam created a negative impression that could be easily removed from 
the shoe and produced voids when air bubbles were trapped during application. 
18 
Direct application of moulage captured both the acid etching and the 13 identifying 
characteristics indicating a high level of resolution. The cast was light and contained 
minimal voids, however, when left for an extended duration in an ambient indoor 
environment, the cast dried out and distorted within 24 hours.  
Direct application of FiberGel F/X Grade Alginate captured both the acid etching 
and the 13 identifying characteristics indicating a high level of resolution. The cast was 
light and contained minimal voids, however, if left in an ambient indoor environment, the 
cast dried out and distorted within 24 hours.  
MoldStar 16 is a silicone that is advertised to be suitable for casting tire and tread 
impressions. Direct application captured the acid etching and the 13 identifying 
characteristics, indicating a high level of resolution (Figure 11). The cast was light, flexible, 
permanent and contained minimal voids. Silicone did not produce any fractures, however, 
and the cast was peeled from the shoe gently to avoid tearing. Excess casting material was 
trimmed with scissors in order to make the mold easier to analyze.  
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Figure 11. Silicone Negative Impression. Image shows the presence of voids (blue), acid etching (red), and 
presence of pebble (yellow) characteristic. 
 
The inkless impressions system did not create true molds; therefore, it was not able 
to retain any recognizable pebble characteristics. Furthermore, the replicates did not always 
capture each of the 13 identifying marks, yielding very few indications of acid etching 
(present in half of the impression). The total number of scratch characteristics recovered 
was 5 out of 22 (22%) with some impressions yielding no indication of this characteristic. 
For the five 1 mm cuts, 42 out of 55 (76%) were observed with an average of 3.82 cuts per 
impression. For the five 0.5 mm cuts, 38 out of 55 (69%) were observed with an average 
of 3.45 cuts per impression. 
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3.2 Dry Soil Application 
 When examining photographs of the impressions, no indications of the embedded 
pebble were observed. However, when casting dry soil impressions, alginate, duoMatrix® 
NEO (Figure 12) and Traxtone® (Figure 13) produced casts with the pebble characteristic 
present. Both Traxtone® and duoMatrix® NEO had similar average pebble recovery rates 
of 60% whereas alginate produced an average recovery rate of 30%. 
 
Figure 12. (Left) Alginate cast in Dry Soil  (Right) duoMatrix® NEO Cast in Dry Soil. 
Traxtone® yielded an average of 3.3 of the five 1 mm identifying marks per 
impression with 10 out of 15 (66%) total 1 mm characteristics present. For the 0.5 mm 
identifying characteristics, an average of 1 cut was found per impression with 3 out of 15 
(22%) total 0.5 mm characteristics being present. Out of the Traxtone® replicates, 15 out 
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of 39 (38%) of all the possible identifying characteristics present in the replicates were 
positively identified in the casts. 
DuoMatrix® NEO slightly outperformed Traxtone®. It had an average recovery 
rate of 4.3 out of the five 1 mm identifying marks per replicate with 13 out of 15 (86%) of 
the total 1 mm characteristics present in the casts. For the 0.5 mm identifying marks, an 
average recovery rate of 1.3 per replicate was observed and 4 out of 15 (26%) of the total 
0.5 mm identifying marks were observed. Out of the duoMatrix® NEO replicates, 19 out 
of the 39 (48.7%) of the total identifying characteristics were positively identified in the 
casts. 
 Alginate had an average recovery rate of 2.6 of the five 1 mm identifying marks 
per replicate and captured 16 out of the 25 (64%) total 1 mm characteristics. For the 0.5 
mm characteristics, alginate had an average recovery rate of 1.3 identifying marks per 
replicate with 9 out of 25 (36%) of the total 0.5 mm identifying characteristics present in 
the casts. Out of the alginate replicates, 27 out of 65 (41%) of all the identifying 
characteristics present in the replicates were positively identified in the casts.  
When comparing these three casting materials to photography, an average recovery 
rate of 2.44 of the five 1 mm identifying marks was present in each replicate. The average 
recovery rate of 0.5 mm characteristic per photograph was observed to be 1.3, with 39 out 
of 80 (49%) of the total 1 mm identifying marks positively identified. Out of the 
photographs of the soil impressions, 52 out of 208 or 25% of the identifying characteristics 
were positively identified in the photographs of the impressions.  
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 Out of the three successful casting materials, Traxtone® and duoMatrix® NEO 
were the two permanent casts, whereas alginate dried out and warped over time.  Both 
Traxtone® and duoMatrix® NEO retained a moderate amount of soil particles, however, 
the retention of the soil matrix did not heavily hinder the analysis of the casts. Alginate, on 
the other hand, did not retain any soil but the cast was significantly more fragile and was 
prone to tearing if too much force is applied. Furthermore, when washing alginate, 
considerable care must be taken in order to preserve existing characteristics and avoid the 
creation of new marks.  
 
Figure 13.  Traxtone® Cast in Dry Soil. 
 MoldStar 16, Shell Shock, moulage, and FlexFoam-iT! 17 did not provide 
successful casts of the reference footwear impression made in dry soil. The casting material 
seeped into the soil matrix and, after solidification, retained a particle count that obscured 
all of the identifying characteristics. In some cases, indications of class characteristics were 
visible underneath an attached layer of soil. 
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Table 2. Average Characteristics Observed per Replicate. ID Characteristic Rate refers to the number of 
identifying found characteristics found in all replicates divided by the number of all possible identifying 
characteristics in all of the replicates. 
Dry Soil Pebble Scratch 1 mm 0.5 mm ID Characteristic Rate 
Alginate 0.3 0 16/25  9/25  27/65 
Traxtone® 0.6 0 10/15  3/15  15/39 
duoMatrix® NEO 0.6  0 13/15  4/15  19/39 
Photography 0 0 39/80 13/80 52/208 
 
 
 
Figure 14.  Characteristics Observed Relative to Method Tested in Dry Soil 
 
3.3 Wet Soil Application 
When evaluating the footwear impressions made in wet soil (Table 3) with the 
moisture content double that of the dry soil, MoldStar 16, Shell Shock, moulage, and 
FlexFoam-iT! 17 experienced elongated hardening times due to moisture and resolution 
inhibition due to soil particle adhesion. The soil particle inhibition was severe enough so 
that only a few class characteristics remained visible. None of the 13 identifying 
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characteristics were visible in the photographs, Traxtone® (Figure 15), or duoMatrix NEO.  
However,  an abundance of class characteristics was recovered from all three methods. 
 
Figure 15.  Traxtone® Cast in Wet Soil Impression. 
 
Alginate (Figure 16) had a slightly improved performance and was able to retain 1 
mm cuts at an average rate of 1.25 out of 5 possible cuts. Out of the alginate replicates, 5 
out of 52 (9.6%) of the identifying characteristics were positively identified in the casts. 
An abundance of class characteristics was noted. The excess moisture extended the 
solidification time of the material, however, the longer set time did not impact alginate’s 
ability to be free of any soil particles. 
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Figure 16.  Alginate Cast in Wet Soil.  
 
Table 3.  Average Characteristics Detectable per Successful Wet Soil Testing. 
Wet Soil Pebble Scratch 1 mm 0.5 mm Attempts ID Characteristic Rate 
Alginate 0 0 5/20 0 4 5/52 
Traxtone® 0 0 0 0 4 0/52 
duoMatrix® 
NEO 0 0 0 0 4 0/52 
Photography 0 0 0 0 10 0/130 
 
3.4 Snow Casting  
 Traxtone®, duoMatrix® NEO, FiberGel E F/X Grade Alginate, FlexFoam-iT! 
17, Shell Shock FAST, and MoldStar 16 did not produce viable casts because they 
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tended to melt the snow before capturing the impression. Traxtone® methodology 
followed that of Snow Stone in an attempt to create a thin layer of powdered insulation 
before applying a mixture of snow, water, and Traxtone®. This experimental method failed 
to produce any viable casts.  
Snow Stone (Figure 17) had an average recovery rate of 75% of the pebble 
characteristics and zero scratch characteristics. Per replicate, an average of 2.75 of the five 
1 mm identifying marks were identified in the casts, with 11 out of 20 (55%) of the total 1 
mm characteristics. An average of 1.5 of the five 0.5 mm identifying marks per replicate 
were observed, with 6 out of the 20 (30%) of the total 0.5 mm identifying marks present in 
the casts. For Snow Stone replicates, 20 out of 52 (38%) of all the identifying 
characteristics were positively identified in the casts. For photography, an average recovery 
rate of 66% of the pebble characteristics, and an average of 0.16 recovery rate of the scratch 
characteristics was observed per impression. On average, each impression contained 3 of 
the five 1 mm identifying marks, and 2 of the five 0.5 mm identifying marks. Out of all the 
identifying characteristics, 35 out of 78 (45%) were positively identified in the photographs 
of snow impressions. 
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Figure 17. Comparison of individualizing characteristics between Snow Stone and Photography. 
 
3.5 Negative Mold Castings 
 The creation of a positive cast is routinely done in the forensic laboratory in by 
pouring Traxtone® into a BIO-FOAM impression. In this experiment, the negative 
impressions were created in BIO-FOAM, MoldStar 16 and MikroTrackTM. The 
positive casts were then made from alginate, Traxtone®, moulage, MoldStar 16, 
FlexFoam-iT! 17, Shell Shock, and duoMatrix® NEO by pouring the casting material 
into the negative impression. The different materials produced positive casts with a range 
of successes. 
 When BIO-FOAM was used as a negative mold, Traxtone® captured 12 out of 
the 13 identifying characteristics (missing one scratch characteristic). Shell Shock and 
FlexFoam-iT 17 both captured 10 out of 13 identifying characteristics. Shell Shock did 
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not retain any of the scratch characteristics and a drop out of one of the 0.5 mm 
characteristics was observed. FlexFoam-iT! 17 did not capture the pebble characteristic 
and one of the scratch characteristics. A drop out of one of the 1 mm cuts was also observed. 
When moulage and alginate were applied to BIO-FOAM, they both retained 9 out of the 
13 identifying characteristics. Neither moulage nor alginate retained any of the scratch 
characteristics and a drop out of 3 of the five 0.5 mm characteristics was observed. 
MoldStar 16 captured 4 out of the 13 identifying characteristics and retained only one 
scratch characteristic and 3 of the five 1 mm characteristics. None of the 0.5 mm 
characteristics and the pebble characteristics were observed in the MoldStar 16 cast. 
None of the casts exhibited any cracking and no acid etching was observed. 
 When the MoldStar 16 and MikroTrackTM were used to create a negative mold, 
all the casting materials (alginate, Traxtone®, moulage, FlexFoam-iT! 17, Shell 
Shock, and duoMatrix® NEO) were able to capture 13 out of 13 identifying 
characteristics. No cracking was observed; however, the voids present in the negative mold 
of MoldStar 16 were transferred to the positive casts. 
 
4. DISCUSSION 
4.1 Statistical Analysis 
 The area of the sole containing the 13 identifying characteristics measured 60 mm 
by 40 mm. In this area, there is a finite number of distinct ways that these characteristics 
could appear [11]. These characteristics were standardized based on the groups that they 
belonged to: scratch, pebble, 1 mm cut, and 0.5 mm cuts. Assuming that the length and 
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width variables are relatively constant for each group, the position and orientation variables 
will define the probability of occurrence based on the binomial coefficient of the number 
of combinations of elements out of all of the elements present.  
Stone suggested that by using 8 orientations (Figure 18), position can be easily 
differentiated and can adequately describe the rotational coefficient without producing 
astronomical probabilities. However, since the pebble characteristic was embedded in the 
sole of the footwear, the orientation variable was kept at 1. This is because the orientation 
of the rock characteristic is footwear dependent and the assumption is that once a pebble is 
embedded, no other orientation is possible; whereas a scratch or a cut’s orientation has an 
equal probability regardless of tread design. Therefore, under the condition that we are 
looking at all identifying classes together in the order of size (1 mm, 0.5 mm, scratch, 
pebble) the formula to calculate the conservative theoretical probability of occurrence of 
the first class of characteristic (1 mm) in the particular area is 8n!/k!(8n-k)! where 8 
represents the number of orientations, n represents the total area in mm2, and k is the 
amount of characteristics present (Table 7). For each additional characteristic, the formula 
is altered by subtracting the area of the previous characteristics from n, since more the 
position of these characteristics is already determined. 
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Figure 18. Visual Representation of Possible Orientation per Characteristic.  
 
This results in a conservative array of theoretical probabilities that in the same test 
area, an identifying characteristic has a probability of occurring randomly. Therefore, the 
probability of the presence of all 13 characteristics is a product of the probability that all 
the characteristics in each group are present in the exact position with the same orientation. 
The conservative likelihood ratio is (1/2.17 x 1019) x (1/2.106 x 1019) x (1/1.81 x 108) x 
(1/2373) = 8.1x1045. This figure demonstrates the discriminating power of this specific 
cluster of marks for this particular reference footwear. For the individual class comparison 
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of identifying characteristics, the formula would not include the subtraction of the area 
occupied by other individual characteristics. 
 
Table 4.  Probability of Random Occurrence. Probability of random occurrence of possible configurations 
of identifying characteristics in a 60 mm X 40 mm test area 
 
Area in mm2 
ID Char. 
Group 1 Char. Present 2 Char. Present 3 Char. Present 4 Char. Present 5 Char. Present 
9.6 1 mm 1/19200 1/1.8 x 108 1/1.2 x 1012 1/5.7 x 1015 1/2.2 x 1019 
14.8 0.5 mm 1/19081 1/1.8 x 108 1/1.2 x 1012 1/5.6 x 1015 1/2.1 x 1019 
8.1 Scratch 1/19016 1/1.8 x 108    
3.8 Pebble 1/2373     
 
 
8(n-y)!/k!(8(n-y)-k)! 
y = sum of area occupied by previously accounted ID char. 
k = number of ID char. 
n = 60 mm x 40 mm = 2400 
8 = Possible orientations 
 
When looking at the impression replicates in different substrates, the average 
recovery rate of different categories of individualizing characteristics (rock, scratch, 1 mm, 
0.5 mm) can be used in conjunction with the theoretical probabilities discussed earlier. 
However, since they are replicates and not all characteristics would be visible through the 
resolution limit of the matrix, variables such as order of characteristics found and the sum 
of area occupied by previously accounted identifying characteristics (y) must be included 
in the binomial coefficient formula. This accounts for the area occupied by a single or a set 
of characteristics and subtracts that area from the total so that the used area cannot be 
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included for the calculation of subsequent probabilities of other characteristics that are not 
yet identified. Therefore, for each individual impression, regardless of their rarity, a 
theoretical occurrence between all the different categories would be the same, excluding 
the pebble characteristics, since the orientation coefficient has already been determined it 
to be a constant related to the sole of the shoe. Thus, when considering the replicates of 
each casing material in its respective category (direct application, dry soil, wet soil, snow) 
for each individual casting material, the incident rate is a variable that describes each of 
the characteristics’ rarity. To further characterize the probabilities, the average incident rate 
per replicate impression is used as the k value in the equation. 
Table 5. Possible Variations of Characteristics Assuming Equal Probability for Every Category of 
Characteristics. 
ID Char. Group 
1 Char. 
Present 
2 Char. 
Present 
3 Char. 
Present 
4 Char. 
Present 
5 Char. 
Present 
1mm 19200 1.8 x 108 1.2 x 1012 5.7 x 1015 2.2 x 1019 
0.5 mm 19200 1.8 x 108 1.2 x 1012 5.7 x 1015 2.2 x 1019 
Scratch 19200 1.8 x 108    
Pebble 2400     
 
Table 6. Possible Variations of Average Occurrence for Each Characteristic in Dry Soil. For each 
successful casting material in dry soil the average characteristic found per replicate was used in  the binomial 
expression. This represent the amount of possible variation of characteristics based on their rate of occurrence 
in the casting of the dry soil matrix. 
Dry Soil Pebble Scratch 1 mm 0.5 mm 
Alginate 8000 0 3.7 x 1010 3.2 x 105 
Traxtone® 4000 0 1.5 x 1013 19200 
duoMatrix® 
NEO 4000 0 6.9 x 1016 3.2 x 105 
Photography 0 0 9.1 x 109 2867.6 
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 For each successful casting material and photography, the number of possible 
combinations  of each category of individualizing characteristics at an average incident rate 
per impression is then equal to one over the product of the possible combinations. For 
example, if it is hypothesized that when alginate is used as a casting material, the binomial 
expression can yield a likelihood ratio that takes into account the average acquisition rate 
per replicate for each category of individualizing characteristics. One over the product of 
each of the binomial combinations of the average expression rate of each group of 
characteristics then becomes a likelihood ratio that describes the casting material’s 
theoretical ability to establish a shoes identity.  The following formula would yield the 
number of combinations of average incident rate per  replicate for each category of 
identifying characteristics (19200!/((C ) x ((19200-C)!)), with C being the experimentally 
obtained average incident of occurrence of one category of individual characteristic per 
specific matrix and casting material. For the pebble characteristics, since the orientation is 
a constant, the test area of occurrence multiplied by rate of occurrence per matrix with a 
specific successful casting material was used to estimate possible combinations in the 
binomial expression. 
In the dry soil impression matrix, this process yielded a theoretical likelihood ratio 
for alginate of 1 to 9.33 x 1019, which illustrates a probability that in the same test area of 
a footwear with the same class characteristics, these classes of unique characteristics will 
have occurred by chance. This accounts for the rarity of each characteristic and uses the 
naturally occurring resolution limit to establish the drop out of level for individual 
categories (such as the scratch). When comparing this level of individuality to other casting 
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materials in the same dry soil category, Traxtone® had a likelihood ratio of 1 to 1.18 x 
1021, duoMatrix® NEO had 1 to 8.71 x 1025, and photography had 1 to 2.6 x 1013. By 
recognizing the different rarities of each category’s unique characteristics, these values 
allow a more concrete definition of resolution based on the individual rates of occurrence 
in the impressions. Therefore, duoMatrix® NEO had the lowest probability that the 
characteristics that it captured in dry soil were made by a different footwear with the same 
class characteristics and the same arrangement of unique characteristics with variable but 
limited orientation. Photography on the other hand had the lowest average discriminating 
probability, suggesting that two dimensional methods of capturing three dimensional form 
are significantly less effective than casting.  
Though this statistical model is a useful determinant of a casting materials ability 
to reproduce identifying characteristics, it is suggested to be used only as a tool to evaluate 
the efficacy of casting materials, as opposed to a way to evaluate the probability of an 
unknown impression corresponding to a known shoe. This method considers some 
variables to be static in order to keep the values from reaching astronomical proportions. 
A theoretical model that represents all the random variables would produce a figure of 
unequess illustrating the improbability that an impression could have been made by any 
other footwear than the actual one that made it. Because of this, the model struggles to be 
applied to forensic field work. Examiners recognize the practical improbability of 
predicting multiple unique characteristics that occur randomly in nature and that these 
theoretical probabilities would be influenced by myriads of factors such as the amount of 
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shoes of the same brand in circulation, terrain walked on, random abrasion, degree of use, 
and other features that would be impractical to be include in the final calculations. 
 
4.2 Casting material evaluation 
Direct application of casting material provided a negative mold from which a copy 
of the sole (positive cast) can be produced. This is routinely done in the forensic 
laboratories by pouring Traxtone® into a BIO-FOAM negative. The direct application 
of different casting material to the reference footwear yielded different levels of success. 
Direct application of Traxtone® to the footwear is not common practice, and both 
Traxtone® and duoMatrix® NEO were shown to be unsuitable materials for creating 
negative molds through direct application. Even though both of these materials have a 
resolution fine enough to capture acid etching and all of the unique characteristics, these 
materials exhibited heavy cracking when removing the footwear from the mold. 
Furthermore, the cast details are fragile, and are prone to accidental fracture during 
transportation and storage. Though these materials are unsuitable for direct application for 
the creation of a negative impression, their advantage lies in their ability to retain detail 
from negative impressions made in another material such as soil, BIO-FOAM, 
MikroTrackTM, and MoldStar 16. With highly detailed negative impressions, the 
performance of these material is not as limited by the impression materials resolution.  
However, with soil the amount of detail retained by these materials is heavily dependent 
on the soil consistency and its ability to retain individualizing characteristics. When 
considering snow impressions, without the creation of a wax or primer paint shell, both 
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Traxtone® and duoMatrix® NEO were unable to retain any identifying or class 
characteristics. 
Traditional methods [20] utilize BIO-FOAM or MikroTrackTM in order to create 
the negative impression. BIO-FOAM is an easily compressible foam, engineered for 
accurate orthotic, podiatric and prosthetic modeling and is commonly used by forensic 
footwear examiners to capture three dimensional characteristics of soles. MikroTrackTM is 
a reusable footwear and tire track test impression material. BIO-FOAM succeeded in 
producing a negative impression with all of the identifying characteristics present, however 
it was not sensitive enough to capture the acid etching of the footwear sole. This lack of 
sensitivity with BIO-FOAM was improved upon by MikroTrackTM , which did capture 
the acid etching, as well as all of the identifying characteristics. Both of these materials are 
unsuitable for capturing impressions in soil because they require a significant amount of 
pressure that would end up destroying the fragile footwear impression.  
Impressions in both MikroTrackTM and BIO-FOAM lacked permanency and are 
easily destroyed. Therefore, to preserve these impressions, they must be recast in a 
permanent material such as Traxtone®. When compared to each other, BIO-FOAM 
tended to leave behind a residue on the casting material (Figure 19)  that in some cases was 
embedded in the positive cast itself. MikroTrackTM, on the other hand, provided a higher 
resolution negative and did not fuse with the casting material when a positive impression 
was cast. 
Alginate based substances (including moulage) form an elastic hydrocolloid 
impression material [17] with a gel like structure similar to agar. The final cast is a product 
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of an irreversible chemical reaction of sodium alginate, calcium sulfate, trisodium 
phosphate, diatomaceous earth, zinc oxide, and potassium titanium fluoride and water [17]. 
Moulage on the other hand is another alginate based substance that and both are commonly 
used life casting material. However, neither alginate nor moulage are not commonly used 
in a laboratory setting for footwear examination. 
Alginate and moulage both provided high quality negative impression casts, 
capturing the fine acid etching, as well as all of the 13 identifying characteristics. Both 
materials were lightweight and relatively elastic while retaining the shape of the shoe sole. 
Though much less fragile than MikroTrack or BIO-FOAM impressions, these materials 
suffered from drying out in a relatively short period of time (<24 hours). If alginate or 
moulage were left out in a non-humidity controlled environment, the drying of the 
negatives caused heavy warping and distortion of the impression. Therefore, to preserve 
these impressions, they must be recast in a permanent material such as Traxtone®. 
However, unlike alginate, if the moulage cast is not allowed to dry out, it may be melted 
down and re-used for further casting. When these casting materials were used to cast soil 
impressions, alginate did not retain any particles from the impression. Moulage on the other 
hand retained an amount of soil that inhibited the detection of any identifying or class 
characteristics. When applied to snow impressions, Alginate melted the impression before 
acquiring any discernible characteristics.  
FlexFoam-iT! 17 is currently not commonly used in a laboratory setting for 
footwear examination. In terms of resolution, FlexFoam-iT! 17 performed similarly to 
BIO-FOAM where it was able to capture all the 13 characteristics, however, it did not 
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have the resolution to retain the acid etching of the reference footwear. The cast itself  was 
light, permanent, and flexible, however, it exhibited some voids. When applied to a 
negative made from BIO-FOAM, FlexFoam-iT! 17 produced a cast that retained low 
amounts of the BIO-FOAM material. Even with this retention, a fair amount of 
identifying characteristics  plus all major class characteristics were observed. However, 
during the application to soil impressions, FlexFoam-iT! 17 retained an amount of soil 
that inhibited the detection of any identifying or class characteristics. When applied to 
snow impressions,  FlexFoam-iT! 17 melted the impression before acquiring any 
discernible characteristics.  
The direct application of MoldStar 16 to the reference footwear captured all the 
13 identifying characteristics as well as the acid etching. The negative cast was light, 
durable, and permanent; however, it did contain some noticeable voids where the casting 
material failed to make full contact with the reference footwear. When applied to negative 
mold made from BIO-FOAM, MoldStar 16 performed the worst out of all the other 
material. The resolution was inhibited by the casting material, embedding a thin layer of 
BIO-FOAM  (Figure 19); however, some identifying characteristics, and all of the class 
characteristics were still visible. When applied to a soil impression, (Figure 20) MoldStar 
16, much like FlexFoam-iT! 17, retained an amount of soil that inhibited the detection 
of any identifying characteristics, plus very poor reproduction of a few class characteristics. 
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MoldStar 16, when applied to snow impressions, melted the impression before capturing 
any discernible characteristics. 
Figure 19.  Moldstar 16 Cast in BIO-FOAM. BIO-FOAM particles embedded into cast of 
MoldStar 16 
 
Figure 20.  Moldstar 16 cast in dry soil. Indications of class characteristics visible on light table 
When applied directly to the reference footwear, Shell Shock  shattered upon 
removal. When applied to a negative impression in BIO-FOAM, Shell Shock  
performed similarly to FlexFoam-iT! 17 by retaining low amounts of the BIO-FOAM 
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material in the casting matrix. However, a fair number of identifying characteristics and all 
major class characteristics were observed. When Shell Shock was applied to soil 
impressions, Shell Shock  seeped into the soil and embedded the impression into itself 
resulting in a cast that had no discernable identifying or class characteristics. When tested 
against snow impressions, Shell Shock melted the impression before capturing any 
discernible characteristics. 
Snow is a notoriously difficult matrix from which to obtain a detailed cast 
[19][21][22]. Exothermic reactions of some casting materials melt the snow and deform 
the impressions. Bodziak [21] suggests that impressions suitable for Traxtone® require 
first spraying auto body primer or snow print wax in order to create a protective shell in 
which to preserve the impression. Other methods exist by melting sulfur or wax and 
pouring them through a channel. If done properly the instant the molten substance touches 
the impression, it will solidify. These methods can be difficult and if done improperly, have 
a high degree of ruining the fragile snow impression.  Bodziak suggests that Snow Stone 
is an alternate method to easily capture snow impressions and states that Snow Stone 
“often outperforms photography”. 
Snow Stone was exclusively applied to snow impressions. On average, its 
performance was comparable to Traxtone®’s ability to retain individualizing 
characteristics in dry soil and was not sensitive enough to capture any of the scratch 
characteristics. After drying, Snow Stone produced brittle, heavy casts, similar to that of 
Traxtone® in soil. Though Bodziak recommends spray paint enhancement to improve the 
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performance of photography [20], it was found that impressions in snow can be resolved 
through photography alone and in this case even outperformed Snow Stone.  
 
4.3 Two Dimensional Capture Comparison 
The inkless shoe print system is a common method for capturing two dimensional 
shoe impressions in both a laboratory and field setting. Much like photography, this method 
is a two dimensional capture of a three dimensional object and the potential loss of detail 
due to this is evident in the significantly lower averages of every category of individual 
characteristics available. Photography of the footwear sole is capable of capturing more 
detailed information about the three dimensional sole and individual characteristics present 
than inking.  
When comparing photography to soil impression casts, all the successful casting 
materials performed significantly better than photography which can be attributed to the 
grainy texture of the soil interfering with the examiner’s ability to visualize characteristics. 
However, when comparing wet soil casts to photography there was no significant 
advantage to casting since the wet soil matrix inhibited the transfer of identifying 
characteristics. Therefore, photography and casting are equally adept to capturing class 
characteristics in poorly resolved footwear impressions. When comparing photography to 
casting a snow impression, photography produced larger average detection values for the 
1 mm, 0.5 mm scratch characteristics. However, Snow Stone was able to capture the 
three dimensionally of the pebble characteristic slightly better than a photograph.  
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5. CONCLUSIONS AND FUTURE WORK 
5.1 Material recommendation 
 Selecting the appropriate material for the appropriate task will define the workflow 
of a forensic footwear impression examiner. If the task is to produce a high resolution copy 
of a known footwear, an examiner has a choice of many different methods and materials 
that have their own advantages and disadvantages. More often than not, a known footwear 
will be compared to an unknown impression type that will be either 2D or 3D which will 
define the type of reference impression an examiner needs for comparison purposes.  
This experiment demonstrated that there is a loss of resolution when using inkless 
systems; therefore an effort should be made to capture the full detail of the footwear 
through photography and casting. Direct application experiments suggest that the highest 
quality impressions are obtained with elastic materials such as MoldstarTM 16, alginate, 
moulage, and MikroTrackTM. These materials outperform BIO-FOAM because the foam 
substrates suffer from a slight loss in resolution that is unable to pick up some of the finer 
detail. Even though alginate and moulage are a cheaper (Table 10) alternative to MoldStar 
16 silicone, they lack the permanency of a silicone cast. MikroTrackTM, much like Alginate 
and moulage, is not permanent, and significantly more expensive ($60 for one 3 liter unit), 
than the alternatives. However, since MikroTrackTM is reusable, it can be a significantly 
cheaper alternative in the long run. Moulage, is less expensive and reusable, however, 
moulage impressions require time and energy into heating the material and preparing the 
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impression. Furthermore, once the impression is made, it must be made permanent through 
recasting. 
 
Table 7. Cost per Impression. 
 Approximate Cost per Impression Cost of Reusable Product 
Traxtone® $1.38  
BIO-FOAM $2.80  
MikroTrackTM  $60 
duoMatrix® 
NEO $5-10  
FlexFoam-iT! $4-8  
Inked $0.30  
Moulage  $12.20 
Shell Shock $5-10  
Moldstar 16 $7-12  
Alginate $3-8  
Snow Stone $9  
 
For casting soil impressions, Traxtone®, duoMatrix® NEO, and alginate yielded 
relatively equivalent results, though duoMatrix® NEO slightly outperformed Traxtone® 
and alginate and provided a more durable and lighter cast. However, duoMatrix® NEO is 
roughly 2-4 times more expensive than Traxtone® and alginate is roughly 2-6 times more 
expensive than Traxtone® without a significant performance increase. Even though 
alginate was able to produce casts of impressions without embedding the soil matrix into 
itself, the cost may not justify this benefit.  
For casting unknown impressions in snow, the simplest method is to use Snow 
Stone. It doesn’t require a spray paint primer or a wax shell and sets much faster than 
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Traxtone®. However, in order to preserve the full potential of detail, photography must 
first be employed. This experiment showed that even without spray paint enhancement, 
photography can capture a comparable number of individualizing characteristics as Snow 
Stone. 
 
5.2 Resolution 
Evaluation of casting materials in dry soil suggests that the matrix from which the 
impression is made via the reference footwear, acts like a resolution limit. The resolution 
limit, regardless of the casting material resolution established in the direct application, does 
not allow the matrix to retain small characteristics such as acid etching. Furthermore, none 
of the casts retained any scratch marks (two of the smallest identifying characteristics). 
When comparing casts to the photographs of the impression, the absence of both acid 
etching and the scratches indicates that soil does not retain these characteristics, supporting 
that it is not that casting material’s inability to pick up these details, but rather that these 
characteristics were not present to start with.  
When resolution is discussed in terms of a statistical relationship, the metrics used 
to evaluate the casting materials and standardization of the variable show a relative 
performance increase for some materials based on the average detection rate of individual 
characteristics in its specific criteria. This is an acceptable evaluation of repeated events, 
but it cannot be used as a comparison between an unknown impression and a known 
standard because it cannot account for all the random variables that can influence our 
ability to detect a characteristic or assess its randomly occurring nature. A practical 
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application for this model can define discreetly unique characteristics for reproducible 
events and allow an evaluation of resolution. However, because there is no feasible way to 
account for all the variables that are responsible for true uniqueness, this model cannot be 
applied accurately to laboratory case analysis.   
 
5.3 Future work 
 The future of forensic footwear impression collection and analysis can be discussed 
in terms of laboratory and field work. Field work, though limited by the resolution gate of 
the matrix the impression is made in, produces relatively sensitive casting; however, the 
casting material comes into direct contact with the evidence impression and has the 
potential to destroy unique characteristics. Though expensive, laser systems are available 
for the recording of topological data from footwear impressions. However, a validation of 
laser systems and a thorough comparison to the effectiveness of casting impressions is 
required.  Photometric stereo [23] is a much cheaper alternative to laser systems that can 
produce a three dimensional topological map. Like a laser system, photometric stereo is a 
non-contact technique that uses multiple two dimensional photographs from a fixed camera 
perspective and varying illumination directions in order to reconstruct the desired subject 
in three dimensions. However, much like a laser system, photometric stereo requires 
validation and comparison to traditional casting and photography techniques. 
 Laboratory analysis is not as encumbered by the threat of evidence destruction 
because footwear is not as fragile as the impressions it leaves behind. Though photography 
and casting from BIO-FOAM or MikroTrackTM produce relatively high resolution 
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copies, the physical casts can accumulate, break, or get lost. An alternative to casting 
footwear, a GelSight scanner [24] can capture the surface geometry and produce a high 
resolution three dimensional scan of the sole. GelSight scanners are relatively inexpensive 
when compared to traditional laser scanners and can produce high quality images with 
resolution on a micron scale. This instrument can be then used to track minor daily changes 
that the footwear undergoes as well as keeping track of the wear and tear of the 
individualizing characteristics already made based on the distance travelled. Regardless of 
future instrumentation, novel methods, and alternate casting materials, the defining factors 
that will significantly influence analyst workflow are resolution, sensitivity, 
reproducibility, stability, and cost. 
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